Objective The aim of this study was to evaluate the relationship of various intensities of physical activity with glycemic control and insulin resistance in eastern China. Methods A population-based, cross-sectional study was conducted in eastern China. The subjects included 604 community-dwelling people. The participants were classified as insufficiently active (IA); sufficiently active (SA) and very active (VA) according to the International Physical Activity Questionnaire (IPAQ). Insulin sensitivity was assessed using the homeostasis model assessment of insulin resistance (HOMA-IR). Related social, biological, lifestyle factors and clinical characteristics were recorded and used as potential confounders. Results The cohort of 604 type 2 diabetes patients were classified according to the activity level: 107 subjects who were classified as IA, 329 met the criteria for SA, and the rest were VA. The proportion of obese patients, smokers, patients with hypertension, and the body weight, body mass index (BMI), waist circumference, hemoglobin A1c protein (HbA1c), and 2-h postprandial blood glucose (2hPG) were significantly lower in the SA and VA groups than in the IA group (p<0.05 or 0.01). The SA group had lower levels of fasting blood glucose (FPG) and HOMA-IR than the IA and VA groups (p<0.05 or 0.01). HOMA-IR was positively correlated with FPG, 2hPG, HbA1c, waist circumference and BMI. HOMA-IR was negatively correlated with the total walking activity (p<0.05). After adjusting for FPG, 2hPG, HbA1c, waist circumference and BMI among the groups, a partial correlation analysis showed a correlation between HOMA-IR and the total walking activity. Conclusion Physical activity is a significant factor regarding glycemic control and insulin sensitivity, although SA and walking may be superior to VA for ameliorating insulin sensitivity.
Introduction
Type 2 diabetes (T2DM) is a worldwide health problem. The latest data revealed that the prevalence of diabetes and prediabetes among Chinese adults has reached 9.7% and 15.5%, respectively (1) . Because China has more than 92 million adults with diabetes, as reported in 2010, it is considered one of the countries with the largest diabetes burden. Diabetes is characterized by the development of specific microvascular complications and a high incidence of accelerated atherosclerosis. The costs of T2DM are enormous with comorbid risks of cardiovascular disease, blindness, kidney disease, and neuropathy. Effective treatment in diabetic patients can achieve long-term beneficial effects in regards to the risks of these complications.
Physical exercise is a very effective method of T2DM treatment and prevention. Physical activity influences several aspects of T2DM, including blood glucose concentrations, insulin resistance, blood pressure, blood lipids, body weight, and body fat distribution (2) (3) (4) (5) . The International Physical Activity Questionnaire (IPAQ) is widely used in physical activity studies around the world. The long form of the IPAQ measures the frequency, duration, and intensity of physical activity in 4 domains: work, transport, domestic and garden, and leisure time. Studies have shown acceptable validity and reliability of the IPAQ for use in population-based studies of physical activity (6) .
The positive impact of exercise for improving glucose control in T2DM is widely accepted in the literature and clinical teaching. Most studies suggest that exercise can prevent diabetes (7) (8) (9) and improve glucose metabolism in diabetes (10, 11) . Some studies have suggested that vigorous exercise was more effective (12) (13) (14) (15) , while others suggested low-moderate-intensity exercise could be better (16, 17) . However, there is a current lack of evidence in regard to which level of intensity or which form of exercise is more favorable on blood glucose metabolism and insulin resistance.
The most commonly used parameters to measure glucose control are fasting blood glucose (FPG), 2-h postprandial blood glucose (2hPG) and hemoglobin A1c protein (HbA1c). The homeostasis model assessment of insulin resistance (HOMA-IR) was developed for application in large epidemiologic investigations (18) and has been widely used to evaluate insulin resistance.
Thus, in this study, we examined the relationships between the levels of total physical activity (including walking measures) and glucose metabolism and insulin resistance among community-dwelling people with T2DM in eastern China.
Materials and Methods

Subjects
This study is a population-based, cross-sectional study among Chinese people in Hangzhou, China. The study included 604 T2DM patients who were diagnosed using the criteria for diagnosis and classification of diabetes (WHO 1999) from January 2010 to July 2010. All patients were aged 30 years or older and lived in private households. The sample population did not include people who lived in institutions (e.g., hospitals and nursing homes); 282 men (46.7%, 33-91 years of age) and 322 women (53.3%, 33-90 years of age) were selected to participate in the study. Informed consent was obtained from each individual. Permission to conduct the study was granted by the Ethics Committee of the Sir Run Run Shaw Hospital, School of Medicine, Zhejiang University.
Physical activity assessment
All participants were interviewed by specialists who used a standard questionnaire for the study. To estimate the physical activity status, the long version of the IPAQ was used. The original English version of the IPAQ was translated to Chinese. To calculate the physical activity scores, only activities lasting at least 10 minutes were taken into account, and questions referred to the previous 7 days. According to the IPAQ, we assessed the frequency (times per week), duration (minutes per time) and intensity of physical activity. The internationally accepted protocol was used to evaluate the weekly calorie expenditure expressed as metabolic equivalents per week (MET/week). Energy expenditure was expressed as metabolic equivalents multiplied by time in minutes per week (MET×min/week), one MET was defined as 3.5 mlO2× kg -1 × min -1 . The items in the IPAQ are structured to provide separate domain-specific scores for work, transportation, domestic and garden time and leisure time domains. According to the IPAQ scoring protocol, MET×min/week of specific activity (walking or moderate intensity activity or vigorous intensity activity) was computed by multiplying the MET value of a particular activity (sitting was set to 1 equivalent, 3.3 for walking, 4.0 for moderate intensity activity, and 8.0 for vigorous intensity activity) with minutes spent in the activity. The total physical activity score was calculated, as well as separate scores for each of the 4 physical activity domains. The IPAQ has been previously validated and its values could be classified into three categories: insufficiently active (IA; <600 MET× min/week); sufficiently active (SA; 600-3,000 MET/min/ week); and very active (VA; >3,000 MET×min/week). The amount of sitting was calculated as follows: sitting total min/week = (weekday sitting min×5 weekdays) + (weekend day sitting min×2 weekend days).
Demographic and clinical characteristics
In addition to the physical activity status, the study questionnaire included age, gender, family status (married, divorced, widowed), financial status (average annual income during the last year), occupational status, and education level. Current smokers were defined as those who smoked at least one cigarette per day or stopped cigarette smoking during the past 12 months. Former smokers were defined as those who had stopped smoking for more than one year.
Blood pressure (BP), height, weight, and waist circumference were measured by trained researchers. The body mass index (BMI) was calculated as weight (in kilograms) divided by standing height (in meters squared). Waist circumference was measured on bare skin during midrespiration between the 10th rib and the iliac crest. Obesity was defined as a BMI >28 kg/m 2 . BP was taken using a standard mercury sphygmomanometer two times on the right arm of subjects who had been sitting down for 10 minutes, and the mean of two measurements was used for analyses. The BP levels greater or equal to 140/90 mmHg or patients on antihypertensive medication were classified as hypertensive. Hypercholesterolemia was defined as low-density lipoprotein cholesterol levels ! 2.56 mmol/L or patients on treatment.
Blood samples were obtained after a 12-hour fast and analyzed to assess the HbA1c, total cholesterol (TC), highdensity lipoprotein-cholesterol ( HDL-c ) , low-density lipoprotein-cholesterol (LDL-c) and triglycerides (TG) levels. The subjects ingested a solution containing 75 g of dextrose, and venous blood samples were obtained at 0 and 120 min for the determination of the plasma glucose (FPG and 2hPG) and plasma insulin (Fins and 2hins) levels. Insulin resistance was assessed as calculated using the HOMA-IR approach (glucose×insulin/22.5).
Statistical analysis
Continuous variables are presented as the mean values ± standard deviation (SD), and categorical variables are presented as the absolute and relative frequencies. Due to the skewness, we logarithmically transformed HOMA-IR and triglyceride levels to the natural logarithm in the analyses. Non-normally distributed data are presented as the medians and interquartile ranges, (P25-P75). Multiple groups of normally distributed continuous variables were analyzed by one-way analysis of variance (ANOVA); comparisons were analyzed by a t-test for dependent samples. For asymmetric continuous variables, the tested hypotheses were analyzed using the Kruskal-Wallis test. Associations between the categorical variables were tested using contingency tables and the chi-square test. Correlations between the continuous or discrete variables were tested by calculating Pearson's or Spearman's correlation coefficients. A partial correlation analysis was used to examine the relationships between the HOMA-IR and physical activity. All statistical evaluations were carried out using the SPSS version 13.0 for Windows software program. p values <0.05 were considered to be statistically significant.
Results
Clinical and biochemical characteristics
All patients were classified according to their activity level; 107 subjects were classified as IA, 329 met the criteria for SA, and the remaining were VA. There were no significant differences in the distribution of gender, systolic BP, diastolic BP, TC, LDL-c, HDL-c, Fins, and 2hins among all groups (p>0.05 for all). The proportions of obese subjects, smokers, subjects with hypertension, and the body weight, BMI, waist circumference, HbA1c, and 2hPG were significantly lower in the SA and VA groups than in the IA group (p<0.05 or 0.01). The SA group had lower levels of FPG and HOMA-IR than the IA and VA groups ( Table 1) . The results showed that activity has beneficial effects on the body weight, BP, HbA1c, and 2hPG. The results indicate that sufficiently active exercise was the optimal level for improving glucose metabolism and insulin sensitivity in T2DM.
Weekly energy expenditure and sitting time
According to the IPAQ scoring protocol, MET×min/week of specific activity was computed by multiplying the MET value of a particular activity (3.3 for walking, 4.0 for moderate intensity activity, and 8.0 for vigorous intensity activity) with minutes spent in the activity. The total sitting time was calculated as follows: sitting total min/week = (weekday sitting min×5 weekdays) + (weekend day sitting min×2 weekend days). The SA and VA groups had higher levels of total physical, total walking, total moderate and total vigorous activity (p<0.01) than the IA group. The total sitting time was significantly lower in the SA and VA groups than in the IA group (p<0.001, Table 2 ).
Relationships between the HOMA-IR and physical activity
According to Pearson's or Spearman's correlation analyses, the HOMA-IR was positively correlated with the FPG, 2hPG, HbA1c, waist circumference and BMI. The HOMA-IR was negatively correlated with total walking activity (p< 0.05). Total physical, total moderate, total vigorous activity, total sitting time, HbA1c, proportions of smokers, patients with hypertension, patients with hypercholesterolemia, gender and age were not correlated with the HOMA-IR (p>0.05 for all). After adjusting for the FPG, 2hPG, HbA1c, waist circumference and BMI among the groups, the partial correlation analysis still showed a correlation between the HOMA-IR and total walking activity (coefficient of partial correlation=-0.094, p=0.022; Figure) . These results showed that the walking activity significantly contributed to increased insulin sensitivity more than the other energy expenditure forms.
Discussion
As a result of progressive industrialization, Westernized eating habits, and a sedentary lifestyle, Chinese people recently tend to demonstrate a decline in their level of physical activity. These changes in lifestyle appear to have an impact on the increasing obesity problem in the country and may subsequently lead to insulin resistance (19) . Insulin resistance, considered by some to be the underlying cause of metabolic syndrome, is an important factor in the etiology of T2DM (20) , and physical activity is a core component of T2DM prevention programs (21, 22) .
Nearly all studies have shown that exercise can improve glucose metabolism and increase insulin sensitivity. However, there is currently a lack of sufficient evidence as to which intensity level or what forms of exercise are more favorable on improving blood glucose metabolism and insulin resistance. Assah et al. (23) and Ekelund et al. (24) reported that moderate-to vigorous-intensity physical activity have favorable effects on insulin resistance, although lightintensity physical activity had no such effect. However, Cooper et al. (25) suggested that moderate-and vigorousintensity physical activity were not associated with clustered metabolic risk after accounting for sedentary time. On the other hand, Gando et al. (26) showed that light-intensity physical activity was inversely associated with insulin resistance in elderly Japanese women. Another study demonstrated that the frequency of exercise is an influential factor more likely to underlie the beneficial effects of aerobic training, suggesting that the repetition of exercise sessions may be more important than longer or more intense sessions (27) .
Our study also emphasized that activity has beneficial effects on body weight, BP, glucose metabolism and insulin sensitivity. The major finding of the present study was that the SA group had lower levels of FPG and HOMA-IR than the IA and VA groups. These results indicate that sufficient active exercise was the optimal level for improving glucose metabolism and insulin in T2DM. It has also been previously reported that when moderate-intensity and vigorousintensity exercise were compared at the same volume (lowvolume / moderate-intensity vs. low-volume / vigorousintensity), the moderate-intensity exercise was more effective, implying that there is some aspect of moderateintensity exercise training that has more beneficial effects on insulin action than vigorous exercise (28) . The SA group could have a greater increase in insulin sensitivity even after exercise withdrawal, which is significantly different from the VA group (29) .
A further analysis showed that the relationship between the HOMA-IR and total walking activity remained significant after adjusting for other differences among the groups. These results showed that walking activity significantly contributed to increase insulin sensitivity more than the other energy expenditure forms. Previous studies showed that walking exercise has been proposed to be a less expensive alternative with a good clinical outcome (30) . In elderly patients, joint disease and/or degeneration of myotendinous structures become apparent when physical activity levels are increased. Thus, walking may be the most suitable mode of exercise.
In conclusion, physical activity is a significant factor regarding glycemic control and insulin sensitivity, although SA and walking may be superior to VA for improving insulin sensitivity.
